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INTRODUCTION 

Pharmacy Education and the Role of Practical 

Learning 

Pharmacy education is a discipline that demands both 

rigorous theoretical knowledge and competent practical 

skills. The study of pharmacology – the branch of 

pharmaceutical sciences concerned with drug 

mechanisms, pharmacokinetics, pharmacodynamics, and 

dose-response relationships – sits at the core of 

pharmacy training. A thorough understanding of 

pharmacology cannot be achieved through classroom 

instruction alone; practical exposure to experimental 

procedures is essential for students to observe and 

internalize drug effects on living system.
[1] 

 

Conventionally, pharmacology practical sessions in 

Indian pharmacy colleges involve the use of animal 

models such as rats, mice, rabbits, and frogs to 
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demonstrate drug actions. These experiments provide 

first-hand observation of phenomena such as changes in 

heart rate and blood pressure, smooth muscle contraction 

and relaxation, central nervous system depression or 

stimulation, and dose-response relationships. Such direct 

observation is irreplaceable in building the intuitive, 

experiential understanding that distinguishes a 

pharmacology-literate practitioner from one who has 

only read about drug actions.
[2]

 

 

Limitations of Conventional Pharmacology Practical 

Training 

Despite its educational value, animal-based 

pharmacology practical training faces compounding 

challenges in modern educational settings. The 

infrastructure required –dedicated animal houses, 

physiological recording equipment, ethical clearance 

from Institutional Animal Ethics Committees (IAEC), 

trained veterinary staff, and ongoing animal care costs – 

places a significant financial burden on institutions.
[3]

 

Many pharmacy colleges, particularly those in smaller 

cities and rural Maharashtra, operate with limited 

laboratory budgets and are unable to sustain a fully 

equipped pharmacology practical programme. 

 

Equally important are the ethical dimensions of animal 

use in education. The 3Rs framework – Replacement, 

Reduction, and Refinement – originally proposed by 

Russell and Burch in 1959, has been adopted globally as 

the ethical standard for minimising animal use in 

experimental science. In India, the Committee for the 

Purpose of Control and Supervision of Experiments on 

Animals (CPCSEA) has progressively strengthened 

regulations governing animal use in educational 

institutions. As a result, numerous colleges have 

curtailed or suspended animal-based practicals, creating 

a gap in practical pharmacology training that students 

increasingly fill only through theoretical study.
[4] 

 

Beyond infrastructure and ethics, traditional practical 

sessions suffer from pedagogical limitations. Animal 

responses are inherently variable; time constraints 

restrict the number of experiments students can observe; 

and the passive, observational role most students occupy 

during group practicals limits active learning engagement. 

These limitations collectively argue for the development 

and adoption of credible alternative practical learning 

tools.
[5] 

 

Virtual Reality as an Emerging Educational 

Technology 

Virtual Reality (VR) is a computer-generated technology 

that creates immersive three-dimensional environments 

in which users can interact with simulated objects and 

scenarios in real time. Since its early applications in 

aviation and military training simulation, VR has been 

increasingly adopted across education, healthcare, and 

industry. In the health sciences, VR has been used to 

simulate surgical procedures, clinical patient encounters, 

anatomical dissection, and laboratory experiments.
[6] 

For pharmacy education specifically, VR offers a unique 

combination of advantages: the ability to demonstrate 

pharmacological experiments without animals; the 

capacity for unlimited repetition without resource 

expenditure; visual representation of microscopic drug-

receptor interactions and physiological processes that 

cannot be seen in a conventional laboratory; and 

accessibility via devices ranging from dedicated VR 

headsets to standard smartphones.
[7]

 This review surveys 

the evidence on how VR has been applied in pharmacy and 

health sciences education, what outcomes it has 

achieved, and what its future role in pharmacology 

practical training may be. 

 

Overview of Virtual Reality Technology in Education 

Types of VR Systems Used in Education 

VR systems used in educational settings range from 

high-immersion head-mounted displays (HMDs) such as 

the Meta Quest and HTC Vive, which deliver 

stereoscopic 3D visuals and motion tracking, to desktop-

based virtual environments accessible through standard 

computers, to mobile VR experiences using smartphones 

and low-cost cardboard or plastic headsets. Each category 

offers a different balance of immersion, cost, and 

accessibility.
[6] 

 

High-immersion HMD systems provide the most realistic 

virtual experience, with six degrees of freedom (6DoF) 

movement tracking allowing students to physically lean, 

reach, and interact within the virtual environment. 

Studies have consistently linked higher immersion to 

greater engagement and stronger transfer of learning to 

real-world tasks.
[8]

 However, the cost of HMD hardware 

– typically INR 25,000–100,000 per unit – limits their 

adoption in resource-constrained institutions. Desktop 

and mobile VR platforms sacrifice some immersion but 

are accessible at minimal or no additional hardware cost, 

making them more practical for large-scale pharmacy 

education deployment.
[9] 

 

Augmented Reality vs. Virtual Reality in Pharmacy 

Education 

Augmented Reality (AR) overlays digital information 

onto the real-world environment, typically through a 

smartphone camera or smart glasses. Unlike fully 

immersive VR, AR preserves the user's physical 

surroundings while adding interactive digital elements. 

In pharmacy education, AR has been used to overlay 3D 

molecular structures onto physical drug samples, 

annotate laboratory equipment with contextual 

information, and visualise drug absorption pathways in 

anatomical context. Studies comparing AR and VR in 

health science education suggest that both improve 

learning outcomes relative to conventional instruction, 

with VR demonstrating advantages in procedural 

learning and AR excelling in contextual information 

overlay.
[7,10] 
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Fig. 1: VR vs AR. 

 

Applications of VR in Overall Pharmacy Education 

I: Pharmacology 

1 Introduction to VR in Pharmacology 

Pharmacology is the foundational science of pharmacy – 

the study of how drugs interact with biological systems to 

produce their therapeutic or toxic effects. Pharmacology 

practical training traditionally requires animal models to 

demonstrate dose-response relationships, autonomic drug 

effects, cardiovascular pharmacology, CNS drug actions, 

and smooth muscle pharmacology. The progressive 

tightening of CPCSEA guidelines in India has 

significantly curtailed animal use in educational 

pharmacology, creating an urgent need for validated 

alternative practical tools.
[3] 

 

What makes VR uniquely suited to pharmacology is its 

ability not only to simulate the observable outcomes of 

drug administration – changes in heart rate, blood 

pressure, or muscle tone – but also to make the 

underlying molecular mechanisms visible. For the first 

time in the history of pharmacy education, students can 

watch a drug molecule approach a receptor, bind to its 

active site, trigger a conformational change, activate a G-

protein, stimulate adenylyl cyclase, and observe the rise 

in cyclic AMP concentration that ultimately produces the 

macroscopic physiological response they are studying. 

This dual-level visualisation – from molecule to 

organism – transforms pharmacology from a discipline 

of observing outcomes to one of truly understanding 

mechanisms.
[11] 

 

2 Specific VR Applications in Pharmacology 

a) Drug-Receptor Binding Simulation 

VR platforms simulate the entire sequence of receptor 

pharmacology at atomic resolution. In a virtual 

pharmacology laboratory, students can observe a 

rendered three-dimensional model of a G-protein 

coupled receptor (GPCR) – such as the beta-1 

adrenoceptor in cardiac muscle – embedded in the 

phospholipid bilayer membrane. The student selects a 

drug such as adrenaline (epinephrine) and watches as the 

rendered drug molecule approaches the receptor through 

the extracellular space, enters the orthosteric binding 

pocket, and undergoes induced-fit binding. The 

simulation visualises hydrogen bonds forming between 

the drug's hydroxyl groups and amino acid residues in the 

receptor binding site, as well as hydrophobic interactions 

between the drug's aromatic ring and non-polar pocket 

residues.
[11] 

 

Following binding, students observe the conformational 

change in the receptor's transmembrane helices that 

activates the associated Gs-protein – watching the alpha 

subunit exchange GDP for GTP, dissociate from the 

beta-gamma dimer, and stimulate membrane-bound 

adenylyl cyclase. The resulting intracellular cascade – 

rising cAMP, activation of protein kinase A, 

phosphorylation of regulatory proteins – is animated in 

real time, culminating in the observable physiological 

effect: increased heart rate and contractility. Platforms 

such as Virtual Cell, BioDigital Human, and 

PharmacologyLab VR have implemented these cascades 

for multiple receptor systems including adrenoceptors, 

muscarinic receptors, GABA-A ion channels, and opioid 

receptors.
[3] 

 

b) Ion Channel Pharmacology 

VR enables the visualisation of ion channel pharmacology 

that is entirely impossible to observe in a conventional 

laboratory. Students can examine a three-dimensional 

rendering of a voltage-gated sodium channel in a 

neuronal membrane and watch local anaesthetic drugs 

such as lidocaine access the channel through the inner 

mouth, bind within the pore, and physically block 

sodium ion flow. The simulation demonstrates the use-

dependent nature of this block by showing how repeated 

channel opening – simulated by applying a train of 

membrane depolarisations – increases lidocaine binding 

probability, explaining the clinical phenomenon of 

frequency-dependent block.
[13] 

 

Similarly, GABA-A receptor pharmacology – the 

mechanism of benzodiazepines, barbiturates, and general 

anaesthetics – is visualised through animated cross-

sections of the pentameric ion channel, showing 

allosteric modulator binding sites distinct from the 

GABA binding site, and demonstrating how drug 

binding increases the frequency or duration of chloride 

ion channel opening.
[3,15] 

 

c) Dose-Response Experiments 

VR pharmacology platforms replicate the classic dose-

response experiments of pharmacology practical training. 

Students select a drug, a virtual tissue preparation 

(isolated ileum, isolated heart, frog sciatic nerve 

preparation), and a dosing protocol. The simulation 

generates dose-response curves in real time as the 

student administers cumulative log doses, with the 

virtual preparation displaying appropriate responses: 

smooth muscle contraction, cardiac rate changes, or action 

potential generation. Students can then add a competitive 

antagonist – visualising it competing with the agonist at 

the receptor binding site – and observe the rightward shift 

of the dose-response curve, directly experiencing the 

concept of competitive antagonism as a molecular 
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competition rather than an abstract equation.
[4] 

 

d) Autonomic Pharmacology and Cardiovascular 

Simulations 

Autonomic pharmacology – the study of drugs acting on 

the sympathetic and parasympathetic nervous systems – 

is particularly well served by VR. Students can navigate 

a virtual representation of the autonomic nervous system, 

observe preganglionic and postganglionic neurons, and 

watch neurotransmitter release and receptor activation at 

both ganglionic and effector organ synapses. The effects 

of drugs such as atropine (muscarinic antagonist), 

neostigmine (acetylcholinesterase inhibitor), prazosin 

(alpha-1 antagonist), and propranolol (beta antagonist) 

are demonstrated at both the molecular and whole-organ 

level – showing drug binding at the receptor while 

simultaneously displaying changes in heart rate, blood 

pressure, pupil diameter, and gastrointestinal 

motility.
[4,11]

 

 

 
Fig. 2: VR in Pharmacology. 

 

3 Advantages of VR in Pharmacology 

VR makes the pharmacological mechanism 

simultaneously visible at both the molecular and 

physiological level, a dual perspective that no 

conventional laboratory tool can provide. The ability to 

connect drug-receptor binding at the nanometre scale to 

heart rate changes observed at the organismal level 

constitutes a genuinely new educational capacity. Studies 

confirm that this mechanism-level visualisation produces 

deeper conceptual understanding of pharmacodynamics 

than whole-animal observation alone.
[3,8]

 VR also 

eliminates animal use entirely, ensuring full compliance 

with the 3Rs principle and CPCSEA guidelines, while 

providing an unlimited number of experimental 

repetitions at no additional cost.
[5]

 Students can explore 

the entire pharmacological space – varying dose, route, 

time of administration, and patient parameters – within a 

single practical session. 

 

4 Limitations of VR in Pharmacology 

VR pharmacology platforms cannot replicate the 

variability inherent in biological systems –the 

unpredictable responses of real animals that build the 

critical thinking skills of experimental pharmacologists. 

The tactile skills of animal handling, intraperitoneal 

injection technique, and organ bath manipulation require 

genuine physical practice. Current platforms also do not 

uniformly cover all drug classes relevant to the Indian 

B.Pharm pharmacology curriculum, and assessment 

frameworks for VR-based pharmacology competency 

have not yet been established by the Pharmacy Council of 

India.
[5,15]

 

 

II: Pharmaceutics 

1 Introduction to VR in Pharmaceutics 

Pharmaceutics is the science of formulating drugs into 

dosage forms suitable for safe, effective, and patient-

acceptable administration. It encompasses 

preformulation science, formulation development, 

dosage form design, biopharmaceutics, and 

pharmaceutical manufacturing technology. Practical 

training in pharmaceutics requires access to industrial-

scale and laboratory-scale manufacturing equipment – 

tablet compression machines, fluid bed dryers, coating 

pans, high shear granulators, filling lines, and stability 

chambers – alongside quality control instruments 

including dissolution apparatus, hardness testers, HPLC 

systems, and particle size analysers. The capital cost of 

equipping a pharmaceutics laboratory to the standard 

required for meaningful practical training is substantial 

and is beyond the reach of many Indian pharmacy 

colleges.
[16] 

 

Virtual Reality addresses this gap by simulating 

pharmaceutical manufacturing environments, 

formulation laboratory procedures, and quality control 

workflows with fidelity sufficient for meaningful skill 

development. Critically, VR enables visualisation of the 

physicochemical processes that underlie dosage form 

performance – dissolution, drug release, membrane 

permeation, and bioavailability – at scales ranging from 

molecular interactions in tablet matrices to macroscopic 

dissolution profiles. This makes VR uniquely valuable in 

pharmaceutics, where understanding why a dosage form 

performs as it does requires insight into processes that 

are invisible in a conventional laboratory.
[17] 

 

2 Specific VR Applications in Pharmaceutics 

a) Dosage Form Manufacturing Simulation – 

Tablets 

VR manufacturing simulations take students through the 

complete tablet manufacturing process from a GMP-

compliant perspective. In a virtual pharmaceutics 

laboratory, students begin by performing virtual 

preformulation studies – observing the crystal structure 

of a drug substance, measuring its virtual flowability and 

compressibility characteristics through simulated bulk 

density and Carr's Index measurements, and testing its 

compatibility with common excipients through visualised 

differential scanning calorimetry (DSC) thermograms. 

The simulation visualises drug-excipient interactions at 

the molecular level: hydrogen bond formation between 

drug and binder molecules, hydrophobic repulsion 

between drug and lubricant, and the mechanism of 

disintegrant water uptake and swelling.
[17] 
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Students then enter a virtual GMP manufacturing 

environment and operate virtual wet granulation 

equipment. The simulation visualises granule formation 

in real time: drug and excipient powder particles are 

shown approaching each other, binder solution bridges 

forming between particles, and granules growing through 

coalescence and layering. The effect of granulation end-

point on granule size distribution, flowability, and 

compressibility is demonstrated by allowing students to 

vary binder concentration and granulation time and 

observing the consequences for granule quality in real 

time.
[16] 

 

Tablet compression is simulated with a virtual rotary 

tablet press in which students observe die filling, pre-

compression, main compression, and ejection. The 

simulation visualises the effect of compression force on 

tablet porosity – showing the reduction in inter-

particulate void space as compression force increases – 

and demonstrates how inadequate compression force 

produces friable tablets while excessive force causes 

capping and lamination. Tablet coating simulations show 

drug pellets entering the coating pan, rotating, and 

receiving spray coating solution that forms a polymer 

film; the simulation visualises the coalescence of spray 

droplets into a continuous film at the microscopic 

level.
[16,17] 

 

b) Drug Release and Dissolution Visualisation 

One of the most educationally powerful applications of 

VR in pharmaceutics is the visualisation of drug release 

mechanisms in controlled-release dosage forms – 

processes that are entirely invisible in a conventional 

dissolution apparatus. For a matrix tablet formulation, 

VR simulates the hydration and swelling of a 

hydroxypropyl methylcellulose (HPMC) matrix as 

dissolution medium penetrates the tablet surface. 

Students watch water molecules diffusing into the 

polymer matrix, the gradual gelatinisation of HPMC 

chains as they hydrate, and drug molecules diffusing 

through the increasingly viscous gel layer to reach the 

dissolution medium. The tortuosity of the diffusion 

pathway – the meandering route drug molecules must 

take through the gel layer – is visualised directly, making 

Higuchi's square root equation intuitive rather than 

abstract.
[13,17] 

 

For enteric-coated tablets, the simulation shows the 

tablet remaining intact in a virtual gastric environment 

(pH 1.2), with the enteric polymer coating resisting 

dissolution. As the tablet moves into a simulated 

intestinal environment (pH 6.8), students watch the 

ionisation state of the enteric polymer change, the 

coating dissolving from the outer surface inward, and 

drug release beginning only when the coating has fully 

dissolved. This direct visualisation of pH-dependent drug 

release mechanisms makes the rationale for enteric 

coating – protecting acid-labile drugs or delivering drugs 

to the intestine – immediately intuitive.
[13] 

 

c) Biopharmaceutics and Bioavailability Simulation 

VR enables the simulation of the complete journey of a 

drug from oral administration to systemic circulation, 

visualising each step of the LADME sequence at 

mechanistic depth. Students watch drug particles in a 

virtual gastrointestinal tract dissolving according to the 

Noyes-Whitney equation – observing how particle size 

reduction increases dissolution rate by increasing surface 

area. Drug molecules in solution are shown partitioning 

across the intestinal epithelium through passive 

transcellular diffusion, active transport via membrane 

transporters such as PEPT1, and efflux by P-

glycoprotein. The simulation visualises P-gp actively 

transporting drug molecules back into the intestinal 

lumen, demonstrating its role as a barrier to 

bioavailability in a way that textbook diagrams 

cannot.
[13,17] 

 

First-pass hepatic metabolism is simulated by showing 

drug molecules entering portal blood, reaching 

hepatocytes, and encountering cytochrome P450 

enzymes in the endoplasmic reticulum. The simulation 

visualises enzyme-drug binding, metabolic 

transformation, and the production of metabolites, with 

the fraction escaping metabolism represented as the 

hepatic extraction ratio. The resulting plasma 

concentration-time profile is generated in real time, with 

students able to manipulate bioavailability-determining 

parameters – particle size, dissolution rate, food effect, 

enzyme induction – and immediately observe the 

consequences for Cmax, Tmax, and AUC.
[13] 

 

d) Quality Control and GMP Simulation 

VR replicates complete quality control workflows for 

pharmaceutical products. Students perform virtual 

dissolution tests, observing tablets disintegrating and 

drug dissolving in the vessel while the dissolution 

apparatus records UV absorbance in real time to generate 

a dissolution profile. Deliberately defective batches – 

tablets with insufficient disintegrant, products with 

coating defects, parenteral preparations with visible 

particles – are presented to students who must identify 

the defect through virtual testing and root-cause analysis. 

Clean room behaviour simulations teach students GMP 

gowning procedures, airflow management, and 

contamination control protocols through immersive 

walkthroughs of ISO-classified environments.
[16]

 

 

 
Fig 3: VR in Pharmaceutics. 
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3 Advantages of VR in Pharmaceutics 

VR provides access to pharmaceutical manufacturing 

environments that most academic institutions cannot 

physically replicate, dramatically reducing the gap 

between academic training and industry expectations. 

The ability to visualise drug release mechanisms at the 

molecular level – observing drug diffusion through 

polymer matrices, dissolution at particle surfaces, and 

membrane transport – provides mechanistic 

understanding that directly supports rational formulation 

design, a cognitive skill that cannot be developed from 

macroscopic laboratory observation alone. The 

consequence-free virtual environment also allows 

students to deliberately make formulation errors and 

observe their consequences without wasting materials or 

producing unusable products.
[16,17] 

 

4 Limitations of VR in Pharmaceutics 

Pharmaceutics training requires development of genuine 

tactile skills – assessing granule texture, judging tablet 

hardness, detecting pour point anomalies in semi-solid 

preparations –that cannot be acquired through VR 

simulation. Virtual manufacturing environments simplify 

the variability and unpredictability of real manufacturing 

processes; real pharmaceutical manufacturing involves 

troubleshooting unexpected equipment behaviour, 

managing environmental variables, and making real-time 

judgments that require physical presence and 

sensorimotor experience. Platform-specific equipment 

simulations may not match the specific machines 

students encounter in industry, limiting transfer of 

learning.
[7,9]

 

 

III: Pharmaceutical Chemistry 

1 Introduction to VR in Pharmaceutical Chemistry 

Pharmaceutical Chemistry spans organic chemistry, 

medicinal chemistry, and analytical chemistry as applied 

to the discovery, synthesis, and quality control of drug 

substances. Practical training in this stream involves 

organic synthesis, identification and characterisation of 

drug molecules, and quantitative and qualitative analysis 

using chromatographic and spectroscopic techniques. 

The laboratory environment of pharmaceutical chemistry 

is characterised by hazardous chemicals, reactive 

reagents, flammable solvents, and toxic intermediates. 

For inexperienced students, the combination of chemical 

hazards and technically demanding procedures creates a 

genuine risk of accidents, making pharmaceutical 

chemistry one of the streams where VR's safety 

advantage is most compelling.
[18] 

 

Beyond safety, VR offers pharmaceutical chemistry 

education something genuinely revolutionary: the ability 

to observe chemical reactions at the molecular and 

electronic level. A student watching a nucleophilic 

substitution reaction in a conventional laboratory sees 

only a colour change and possibly a precipitate. In a VR 

pharmaceutical chemistry simulation, the same student 

watches electron density shift from the nucleophile 

toward the electrophilic carbon, visualises the HOMO-

LUMO orbital interaction that drives the reaction, 

observes the inversion of configuration at the stereogenic 

centre (Walden inversion), and tracks the formation and 

collapse of the pentacoordinate transition state. This is a 

transformation in the depth at which pharmaceutical 

chemistry can be taught and understood.
[20] 

 

2 Specific VR Applications in Pharmaceutical 

Chemistry 

a) Molecular-Level Reaction Visualisation 

VR pharmaceutical chemistry platforms render organic 

reaction mechanisms at atomic and electronic resolution. 

Students can observe the SN2 reaction involved in the 

synthesis of a drug intermediate by watching bond 

polarisation, nucleophile approach along the correct 

trajectory relative to the leaving group (180° back-side 

attack), the simultaneous formation of the new bond and 

breaking of the old bond, and the umbrella inversion of 

the carbon configuration. Electron density is represented 

through colour-coded molecular electrostatic potential 

(MEP) surfaces that show how charge distribution 

changes dynamically during the reaction – the incoming 

nucleophile appearing red (electron-rich) and the 

electrophilic carbon appearing blue (electron-poor).
[20]

 

 

For aromatic reactions such as electrophilic aromatic 

substitution – fundamental to the synthesis of many 

sulfonamide and NSAID drugs – students watch the pi 

electron cloud of the aromatic ring acting as a 

nucleophile toward the electrophile, the formation of the 

sigma complex (arenium ion) with loss of aromaticity, 

and the restoration of aromaticity through proton loss. 

The simulation visualises the resonance structures of the 

arenium ion dynamically, showing positive charge 

delocalisation across ortho and para positions – making 

the directing effects of ring substituents intuitively 

comprehensible rather than empirically memorized.
[18,20]

 

 

b) Drug Synthesis Procedures in VR 

Students can perform step-by-step virtual synthesis of 

pharmacologically important molecules. The synthesis of 

aspirin (acetylsalicylic acid) from salicylic acid and 

acetic anhydride is simulated with full procedure fidelity: 

students add virtual reagents to a round-bottom flask, 

attach a virtual reflux condenser, heat the mixture to the 

correct temperature, observe the acylation reaction 

mechanism at the molecular level, perform virtual 

recrystallisation including hotfiltration and slow cooling 

crystallisation, and collect the virtual product. The 

simulation provides yield calculations and purity 

assessments based on the student's procedural choices, 

with deviations from optimal technique resulting in 

lower yield or impure product.
[18] 

 

The synthesis of sulfonamides, local anaesthetics such as 

benzocaine, and antipyretics such as paracetamol can all 

be simulated with equivalent procedural and mechanistic 

detail. For multi-step syntheses, VR platforms can track 

impurities through each synthetic step, demonstrating 

how an error in one step propagates through subsequent 
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steps to affect final product quality –a systems-level 

understanding of synthesis quality that is difficult to 

convey in a conventional laboratory setting.
[19]

 

 

c) Spectroscopic Analysis and Instrument 

Simulation 

VR simulates the complete operation of analytical 

instruments used in pharmaceutical chemistry quality 

control. Students operate a virtual HPLC system: 

selecting a column, preparing mobile phase, injecting a 

sample, and interpreting the resulting chromatogram to 

identify and quantify drug content. The simulation 

visualises separation at the molecular level – showing 

drug molecules and impurities partitioning between the 

stationary phase and mobile phase in the column based 

on their polarity – making the principle of 

chromatographic separation tangible rather than 

abstract.
[19] 

 

Infrared spectroscopy is simulated by allowing students 

to 'record' a virtual IR spectrum of a drug molecule, then 

manipulate the three-dimensional molecular model to 

observe which functional groups are vibrating at the 

frequencies corresponding to absorption peaks. Students 

can click on an absorption peak in the spectrum and the 

simulation highlights the corresponding bond in the 

molecular model and animates its stretching or bending 

vibration – making the interpretation of IR spectra a 

genuinely three-dimensional and mechanistic exercise. 

UV-Vis spectroscopy, NMR spectroscopy, and mass 

spectrometry simulations follow similar principles.
[19,20]

 

 

d) Structure-Activity Relationship (SAR) and 

Medicinal Chemistry 

VR medicinal chemistry platforms allow students to 

perform virtual drug design exercises by systematically 

modifying drug molecular structures and observing the 

consequences for receptor binding affinity and 

selectivity. Students select a lead compound, view its 

three-dimensional binding pose in the receptor 

active site, and then make specific structural 

modifications – adding a methyl group, replacing a 

hydroxyl with a fluorine, extending an alkyl chain – and 

immediately observe the computed change in binding 

energy and binding pose.
[20] 

 

This interactive SAR exploration makes the principles of 

bioisosterism, lipophilicity optimisation, and 

pharmacophore identification directly experiential. The 

molecular hydrophobicity surface of the drug is 

visualised in the context of the receptor binding pocket, 

making it immediately apparent why a modification that 

increases lipophilicity improves binding to a 

hydrophobic pocket. Platforms such as Molecular 

Workbench and Virtual Chem Lab implement these 

capabilities for multiple drug-receptor systems including 

beta-lactam antibiotics and their transpeptidase 

targets.
[20] 

 

 
Fig 4: VR in Pharmaceutical Chemistry. 

 

3 Advantages of VR in Pharmaceutical Chemistry 

The transformative advantage of VR in pharmaceutical 

chemistry is the ability to observe chemical processes at 

the molecular and electronic level – the dimension of 

reality where chemistry actually occurs. Conventional 

chemistry education requires students to infer molecular-

level events from macroscopic observations; VR 

eliminates this inferential step by making molecular 

events directly observable. Multiple studies have 

documented improved understanding of reaction 

mechanisms and structural chemistry following VR-based 

molecular visualization.
[20]

 Chemical safety is the other 

paramount advantage: students can learn to handle 

reactive and hazardous reagents, practice titration 

endpoint detection, and perform reflux procedures in a 

consequence-free virtual environment before 

encountering real chemical hazards.
[18,19]

 

 

4 Limitations of VR in Pharmaceutical Chemistry 

Pharmaceutical chemistry is ultimately a manipulative 

discipline requiring genuine dexterity with glassware, 

precision in weighing and volumetric operations, and 

judgment in assessing reaction progress by sensory 

observation. These manual laboratory skills cannot be 

developed through VR simulation. Virtual chemistry 

simulations also necessarily simplify real chemical 

complexity: real reactions produce by-products, real 

reagents have variable purity, and real chromatographic 

separations require troubleshooting that VR simulations 

do not replicate. The computational models underlying 

VR chemistry simulations are approximations of 

quantummechanical reality, and students must 

understand the distinction between VR representations 

and actual molecular structure.
[18,19]

 

 

IV: Pharmaceutical Biotechnology 

1 Introduction to VR in Pharmaceutical 

Biotechnology 

Pharmaceutical Biotechnology applies biological 

principles and molecular biology techniques to the 

development, production, and quality control of 

biopharmaceuticals – drugs derived from living 

organisms including recombinant proteins, monoclonal 

antibodies, vaccines, and gene therapy vectors. This 

stream is among the most rapidly advancing in 

pharmaceutical sciences and is increasingly central to 

drug development globally. Practical training in 
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biotechnology requires cell culture facilities, biosafety 

cabinets, fermenters, PCR thermocyclers, electrophoresis 

equipment, ELISA readers, Western blot systems, and a 

range of molecular biology instrumentation that 

collectively represents capital investment far beyond the 

capacity of most pharmacy colleges.
[21] 

 

The biosafety requirements of biotechnology education 

add another layer of complexity. Working with 

recombinant organisms, cell lines, and immunological 

materials requires biosafety level (BSL) 2 infrastructure, 

institutional biosafety committee approval, and trained 

personnel. VR simulation addresses both the 

infrastructure and biosafety barriers simultaneously, 

enabling students to perform detailed biotechnology 

procedures in an immersive virtual BSL-2 laboratory 

environment that would be prohibitively expensive and 

logistically complex to establish physically.
[22] 

 

2 Specific VR Applications in Pharmaceutical 

Biotechnology 

a) Genetic Engineering and Recombinant DNA 

Technology 

The recombinant DNA technology workflow – the 

foundation of biopharmaceutical production – is one of 

the most powerful VR applications in pharmaceutical 

biotechnology. Students perform a complete virtual 

recombinant protein production experiment beginning 

with restriction enzyme digestion. In the VR simulation, 

students select a restriction enzyme such as EcoRI and 

add it to a virtual plasmid vector, then watch at the 

molecular level as the enzyme scans the double-stranded 

DNA sequence, recognises its palindromic recognition 

sequence (5'-GAATTC-3'), and makes staggered cuts in 

both strands to produce cohesive ('sticky') ends. The 

three-dimensional structure of the restriction enzyme 

bound to DNA is visualised, making the structural basis 

of sequence-specific recognition directly observable.
[22] 

 

The ligation step is simulated with equivalent molecular 

detail: students watch the complementary cohesive ends 

of the digested plasmid and insert DNA annealing 

through hydrogen bond formation between 

complementary base pairs, then observe DNA ligase 

catalysing the formation of the phosphodiester bond that 

seals the nicks in the DNA backbone, producing a 

covalently closed recombinant plasmid. Transformation 

of competent Escherichia coli cells is simulated, showing 

the competent cell in a calcium chloride solution, the 

heat shock step causing transient pore formation in the cell 

membrane, and the recombinant plasmid entering the cell 

and establishing within the cytoplasm.
[22,24] 

 

Colony selection, plasmid isolation, and confirmation of 

recombinant insert by restriction digestion and gel 

electrophoresis are all simulated with procedural detail. 

The virtual gel electrophoresis simulation shows DNA 

migrating through the agarose matrix under the influence 

of the electric field, with smaller fragments moving 

faster through the gel pores –making the physical basis 

of size-dependent separation intuitive through direct 

animated visualization.
[22] 

 

b) PCR and Gene Amplification 

The polymerase chain reaction (PCR) is simulated at the 

molecular level through all three thermal cycling stages. 

During the denaturation step (95°C), students watch the 

hydrogen bonds between DNA base pairs breaking and 

the double helix unwinding into two single-stranded 

templates. During the annealing step (55-65°C), forward 

and reverse primers are shown approaching their 

complementary sequences on the template strands, 

forming hydrogen bonds in an antiparallel orientation, 

and establishing the 3'-OH terminus required for 

polymerase extension. During the extension step (72°C), 

Taq DNA polymerase is visualised binding to the 

primer-template junction, incorporating 

deoxyribonucleotide triphosphates (dNTPs) from the 

virtual reaction mixture in the 5'-to-3' direction, and 

synthesising the new complementary strand.
[23] 

 

The exponential amplification of the target sequence 

across 30-35 cycles is animated, with the number of 

target copies doubling each cycle from 1 to 2 to 4 to 8, 

and so on to over a billion copies. Students can 

manipulate primer design, annealing temperature, and 

MgCl2 concentration and observe the effects on PCR 

efficiency and specificity, developing the 

troubleshooting skills essential for research and quality 

control applications.
[23] 

 

c) Cell Culture and Bioreactor Simulation 

Cell culture simulations replicate the aseptic conditions 

and procedural discipline of real biological laboratories. 

Students enter a virtual BSL-2 laboratory, don virtual 

personal protective equipment following correct gowning 

sequence, and work within a virtual Class II biosafety 

cabinet. Subculturing of a Chinese Hamster Ovary 

(CHO) cell line used for recombinant protein production 

is simulated: students observe the monolayer of virtual 

cells under a virtual microscope, assess confluency, 

remove spent medium, wash with virtual PBS, add 

trypsin, and observe cell detachment. The simulation 

visualises trypsin cleaving cell surface adhesion proteins 

at the molecular level, explaining why trypsinisation 

disrupts cell monolayers.
[21] 

 

Bioreactor operation for large-scale protein production is 

simulated with full process parameter monitoring. 

Students observe the virtual fermenter vessel, set 

agitation speed, aeration rate, temperature, and pH, and 

monitor dissolved oxygen tension and cell density 

through virtual sensors. The simulation demonstrates how 

inadequate aeration leads to hypoxic conditions and cell 

death – visualising declining dissolved oxygen, 

increasing lactate accumulation, and cell necrosis. Fed-

batch feeding strategies are simulated, with students 

determining optimal nutrient addition timing based on 

cell growth parameters.
[21,22] 
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d) Immunology and Vaccine Technology 

Immunological processes fundamental to vaccine 

development and monoclonal antibody production are 

visualised in VR with a mechanistic depth impossible in 

conventional laboratory instruction. Students explore a 

three-dimensional simulation of the lymph node during 

antigen presentation: dendritic cells are shown 

processing antigen, loading peptide fragments onto MHC 

class II molecules, and presenting them to T helper 

lymphocytes in the paracortex. The immunological 

synapse between APC and T cell is visualised at the 

molecular level, showing TCR-pMHC interaction and 

co-stimulatory signal engagement.
[24] 

 

The humoral immune response is animated sequentially: 

T cell activation, cytokine signalling to B cells, B cell 

differentiation into plasma cells, affinity maturation in 

germinal centres, and the production of high-affinity 

IgG antibodies. The mechanism of monoclonal 

antibody production by hybridoma technology is 

simulated – showing B cell fusion with myeloma cells, 

HAT selection medium eliminating unfused myeloma 

cells, and hybridoma clones secreting monoclonal 

antibody.
[21,24]

 

 

 
Fig. 5: VR in Biotech. 

 

3 Advantages of VR in Pharmaceutical 

Biotechnology 

VR democratises access to biotechnology laboratory 

environments that most academic institutions cannot 

physically replicate. Students at colleges without cell 

culture facilities or molecular biology equipment can 

gain detailed procedural familiarity with recombinant 

DNA technology, PCR, and cell culture through VR 

simulation. The elimination of biosafety risk makes it 

possible to visualise and practice procedures involving 

recombinant organisms and biological materials that 

would require BSL-2 containment in a real laboratory. 

The molecular-level visualisation of genetic engineering 

processes – restriction enzyme recognition, primer 

annealing, polymerase extension – transforms abstract 

biochemical concepts into directly observable 

phenomena.
[22,23,24] 

 

4 Limitations of VR in Pharmaceutical 

Biotechnology 

Biotechnology laboratory competency ultimately 

depends on developing aseptic technique discipline – the 

constant vigilance, physical habits, and sensorimotor 

automaticity required to work safely with biological 

materials without contamination. These skills cannot be 

developed through VR simulation alone. Real cell 

culture involves unpredictable biological variability: 

cells grow at variable rates, contamination events occur 

unexpectedly, and bioreactor processes develop in ways 

that require real-time troubleshooting. The interpretation 

of real experimental data – unexpected PCR bands, 

anomalous ELISA results, inconsistent bioreactor 

performance – requires exposure to real laboratory 

systems.
[21,22]

 

 

V: Biochemical Applications of VR in Pharmacy 

Education 

1. Introduction to Biochemical-Level Visualisation 

Biochemistry forms the fundamental basis of all 

physiological and pharmacological processes, involving 

complex molecular interactions such as enzyme 

catalysis, metabolic pathways, and energy transfer 

systems. Traditional teaching methods rely heavily on 

static diagrams and pathway charts, which often fail to 

convey the dynamic and interconnected nature of 

biochemical reactions. Virtual Reality (VR) provides a 

transformative platform for visualising these biochemical 

processes in real time, enabling students to observe 

molecular events at a depth that is not possible in 

conventional laboratory or classroom settings. 

 

2. Specific VR Applications in Biochemistry 

a) Cellular Energy Metabolism (ATP–ADP Cycle) 

VR allows students to visualise cellular energy transfer 

mechanisms in real time. Students can observe the 

hydrolysis of ATP into ADP and inorganic phosphate 

(Pi), with the release of energy used for cellular 

processes such as active transport and muscle 

contraction. 

𝐴𝑇𝑃 → 𝐴𝐷𝑃 + 𝑃𝑖 + 𝐸𝑛𝑒𝑟𝑔𝑦 

 

The simulation demonstrates: 

• Breaking of high-energy phosphate bonds 

• Energy release and coupling with cellular work 

• Regeneration of ATP via oxidative phosphorylation 

Students can further explore mitochondrial processes 

such as: 

• Electron transport chain (ETC) 

• Proton gradient formation 

• ATP synthase activity 

 

b) Enzyme Kinetics and Drug–Enzyme Interaction 

VR platforms simulate enzyme-substrate interactions 

using dynamic 3D models. Students can observe: 

• Formation of enzyme-substrate complex 

• Active site binding and specificity 

• Competitive and non-competitive inhibition 

𝑣 =   
𝑉𝑚𝑎𝑥 [𝑆] 

          𝐾𝑚 + [𝑆] 

 

This helps in understanding: 

• Mechanism of enzyme inhibition by drugs 
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• Role of enzymes in drug metabolism 

• Pharmacokinetic implications 

 

c) Metabolic Pathway Visualisation 

VR enables immersive exploration of key metabolic 

pathways such as: 

• Glycolysis 

• Citric acid cycle (Krebs cycle) 

• Lipid metabolism 

• Amino acid metabolism 

 

Students can follow each step of glucose metabolism from 

glucose to pyruvate and further into the TCA cycle, 

observing: 

• Enzyme-mediated transformations 

• Intermediate formation 

• Energy yield (ATP, NADH, FADH₂) 

 

d) Signal Transduction Pathways 

VR simulations provide detailed insights into 

intracellular signalling mechanisms such as: 

• G-protein coupled receptor (GPCR) pathways 

• Second messenger systems (cAMP, IP₃, DAG) 

• Protein phosphorylation cascades 

 

Students can observe how extracellular signals lead to 

intracellular biochemical responses, linking 

pharmacology with biochemistry at a molecular level. 

 

e) Drug Metabolism and Biotransformation 

VR allows visualisation of hepatic drug metabolism 

processes including: 

• Phase I reactions (oxidation, reduction, hydrolysis) 

• Phase II reactions (conjugation) Students can 

observe: 

• Cytochrome P450 enzyme activity 

• Formation of metabolites 

• Detoxification vs activation of prodrugs 

 

3. Advantages of VR in Biochemical Applications 

An important advantage that VR technology provides for 

biochemical learning is the potential to change the 

abstract, dynamic process of biochemical reactions to one 

which can actually be witnessed in real time. For 

example, in addition to learning about ATP hydrolysis, 

enzymes, and metabolic cycles via two-dimensional 

drawings and models, virtual reality allows students to see 

these chemical reactions taking place, with the interactions 

between bonds and the energy transfer that accompanies 

these processes visible at all times. Virtual reality helps 

to improve the student's understanding of the process 

involved in enzyme kinetics by allowing them to view 

these processes instead of merely inferring their results. 

VR also facilitates the connection between biochemical 

reactions and their effects in pharmacology and 

physiology, with drug reactions being traced from 

receptor interactions to their metabolic consequences in 

terms of enzyme inhibition and energy production. 

 

 

4. Limitations 

However, apart from the numerous advantages of VR-

based biochemical simulation, it still fails to provide 

sufficient practice due to the high degree of complexity 

and interconnection of biological systems that are 

regulated by feedback mechanisms and affected by 

specific cellular conditions. In other words, biological 

processes like glycolysis and enzyme activity may be 

shown as linear sequences, making it less probable for 

users to be faced with biological diversity. Furthermore, 

VR can be used only to gain qualitative knowledge since 

it does not allow practicing skills that cannot be learned 

without practical experience, such as enzyme assays, 

spectrophotometry, chromatography, and kinetic data 

analysis. Currently, available software products do not 

cover all aspects of biochemical processes and drug 

metabolism; besides, the accuracy of results is provided 

by computations only. Finally, the lack of opportunities 

to face actual difficulties in a biochemical laboratory will 

result in insufficient experience in handling problems. 

 

 
Fig. 6: VR in Biochem. 

 

VI: Clinical Pharmacy 

1 Introduction to VR in Clinical Pharmacy 

Clinical Pharmacy is the patient-centred practice stream 

that prepares pharmacy graduates for pharmaceutical 

care roles in hospital, community, and outpatient 

settings. Clinical pharmacy competencies include 

medication therapy management, drug information 

provision, patient counselling, adverse drug reaction 

monitoring, prescription review, drug interaction 

identification, and interprofessional healthcare team 

collaboration. Unlike laboratory-based pharmaceutical 

streams, clinical pharmacy training is fundamentally a 

communication, reasoning, and decision-making 

discipline in which students must learn to interact with 

diverse and often vulnerable patient populations in real 

clinical environments.
[12] 

 

The provision of authentic clinical training experiences 

to pharmacy students is inherently constrained by patient 

safety considerations, institutional access, and the limited 

supervision capacity of clinical preceptors. Real patients 

cannot be placed at risk for student learning purposes, 

and student-supervised clinical encounters are too few in 

number to develop competency across the full range of 

clinical pharmacy scenarios. VR clinical simulation 

addresses this gap by providing unlimited access to 
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realistic patient encounters without risk to real patients or 

to the student's professional record.
[14,25] 

 

2 Specific VR Applications in Clinical Pharmacy 

a) Patient Counselling Simulation 

VR patient counselling simulations use artificially 

intelligent virtual patients that respond dynamically and 

realistically to the student's communication choices. The 

student, represented by an avatar in the virtual 

environment, approaches a virtual patient in a simulated 

pharmacy consultation room. The patient presents with a 

new prescription for a drug such as warfarin, and the 

student must conduct a structured medication counselling 

session – explaining the drug's purpose, correct 

administration, potential side effects, monitoring 

requirements (INR), dietary interactions (vitamin K-rich 

foods), and when to seek medical attention.
[12] 

 

The AI-driven virtual patient responds differently based 

on the quality of information the student provides. If the 

student omits the interaction between warfarin and 

common OTC medications such as aspirin, the virtual 

patient may subsequently ask about taking aspirin for a 

headache, requiring the student to recognise and correct 

the potential interaction in real time. If the student's 

explanation is unclear or uses excessive medical 

terminology, the virtual patient expresses confusion and 

asks for clarification, training the student to adapt their 

communication style to patient health literacy. Scenarios 

can represent patients with hearing impairment, non-

native language speakers, and patients with health 

anxiety, developing communication adaptability across 

diverse populations.
[12,14] 

 

b) Prescription Error Detection and Drug Safety 

Virtual pharmacy dispensing environments present 

students with prescription orders containing deliberate 

clinical errors embedded within otherwise realistic 

prescription data. Students must process each prescription 

through a complete verification workflow: confirming 

patient identity, reviewing prescribed drug, dose, route, 

frequency, duration, and indication; cross-checking 

against the patient's virtual medication history for drug 

interactions and duplications; screening for 

contraindications against documented allergies and 

comorbidities; and calculating dose correctness for 

weight-based and renal dose-adjusted medications.
[14] 

 

Examples of embedded errors include: a prescription for 

methotrexate specifying a daily dose rather than the 

correct once-weekly dose (a potentially fatal prescribing 

error in clinical practice); a paediatric prescription with 

an incorrect weight-based dose calculation; an 

anticoagulant prescribed to a patient whose virtual record 

shows a documented allergy to heparin; or a drug 

prescribed to a patient with a renal impairment requiring 

dose reduction. The VR system records the student's 

error-detection performance across a battery of such 

prescriptions, providing detailed feedback on error types 

missed and the clinical consequences that would have 

resulted.
[14,25] 

 

c) Clinical Ward and Hospital Pharmacy Simulation 

Immersive hospital pharmacy VR environments replicate 

the workflow of a clinical pharmacy practitioner 

conducting ward rounds, medication reconciliation, and 

interprofessional team meetings. Students navigate a 

virtual ward, access virtual electronic patient records, 

review medication charts, and identify drug-related 

problems: potentially inappropriate medications in 

elderly patients per Beers Criteria, antimicrobial 

stewardship issues in patients receiving prolonged broad-

spectrum antibiotics, pain management optimisation in 

post-operative patients, and therapeutic drug monitoring 

recommendations for narrow therapeutic index drugs such 

as vancomycin and aminoglycosides.
[25] 

 

Multiplayer VR environments simulate the 

interprofessional dynamics of real hospital practice. A 

virtual physician avatar may challenge the student's drug 

therapy recommendation, requiring the student to 

articulate the evidence base for their suggestion and 

negotiate a therapeutic decision. Virtual nursing avatars 

may report medication administration errors, requiring 

the student to manage the clinical consequences and 

initiate appropriate reporting procedures.
[14] 

 

 
Fig. 7: VR in Clinical Pharmacy. 

 

3 Advantages of VR in Clinical Pharmacy 

VR provides clinical pharmacy students with exposure to 

the full spectrum of clinical scenarios – including rare 

drug interactions, complex polypharmacy presentations, 

and serious prescribing errors – that cannot be 

systematically encountered in real clinical placements of 

equivalent duration. The AI-driven virtual patient 

enables personalised learning: the system can identify the 

specific communication skills or clinical reasoning gaps 

of each student and generate scenarios specifically 

designed to address those gaps. The elimination of 

patient risk removes the anxiety that frequently impairs 

student performance in real clinical encounters, 

producing better and more confident learners.
 [12,25]

 

Multiple studies have documented improved prescription 

error detection rates, stronger patient counselling 

competency, and greater clinical confidence following 

VR-based clinical pharmacy training.
[14] 

 

4 Limitations of VR in Clinical Pharmacy 

The non-verbal dimensions of real patient 
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communication – reading subtle facial cues, managing 

patient distress, building genuine therapeutic rapport – 

require real human interaction for adequate development 

and cannot be fully replicated by virtual patient AI. Real 

patients bring unique combinations of cultural 

background, emotional state, health beliefs, and health 

literacy that current virtual patient technology cannot 

represent with sufficient diversity and authenticity. 

Clinical pharmacy also requires exposure to real health 

record systems, institutional drug policy frameworks, and 

formulary management that vary between healthcare 

settings and cannot be generalised in VR 

simulations.
[12,14] 

 

DISCUSSION 

The stream-wise examination of VR applications across 

five pharmaceutical disciplines reveals a consistent 

pattern of educational benefit alongside discipline-

specific opportunities and limitations. Across all five 

streams, VR technology demonstrates significant 

capacity to address the practical training challenges that 

characterise contemporary pharmacy education in India. 

The pattern that emerges is one of complementarity 

rather than replacement: in each stream, VR is most 

educationally powerful when it provides what the real 

laboratory cannot –molecular-level visualisation in 

pharmacology and chemistry, equipment access in 

pharmaceutics and biotechnology, and patient exposure 

breadth in clinical pharmacy – while the real laboratory 

or clinical environment continues to develop the 

sensorimotor and interpersonal competencies that VR 

cannot simulate.
[1,2,5] 

 

The most compelling and specific contribution of VR, 

identified consistently across the pharmacology, 

chemistry, and biotechnology streams, is the ability to 

make invisible processes visible. The pharmacological 

mechanism of action of a drug is invisible in a 

conventional laboratory; VR makes it directly 

observable. The mechanism of a nucleophilic 

substitution reaction is invisible to a chemistry student 

watching a colour change; VR shows the electron 

movement, transition state geometry, and configuration 

inversion. The molecular specificity of restriction 

enzyme recognition is invisible during a gel 

electrophoresis experiment; VR shows the enzyme 

reading the DNA sequence. This transformation – from 

inferring invisible mechanisms to directly observing 

them – represents a qualitative improvement in the depth 

at which pharmaceutical science can be taught.
[3,11,20,22] 

 

The Indian pharmacy education context adds particular 

urgency to the case for VR adoption across all five 

streams. Regulatory tightening of animal use 

requirements creates acute need in pharmacology; capital 

cost barriers restrict pharmaceutics and biotechnology 

equipment access; chemical safety concerns in 

pharmaceutical chemistry argue for pre-lab VR 

familiarisation; and clinical placement capacity 

limitations constrain clinical pharmacy training. VR 

platforms accessible via mobile devices and low-cost 

HMD hardware can meaningfully address all five of these 

barriers simultaneously, and are particularly valuable for 

the substantial proportion of Indian pharmacy colleges 

that operate with limited infrastructure.
[4,9,10] 

 

The reference evidence reviewed across all five streams 

also highlights a consistent and significant gap: the near-

total absence of VR platforms designed specifically for 

the Indian pharmacy curriculum. The B.Pharm and 

M.Pharm curricula approved by the Pharmacy Council of 

India specify particular experiments, drug classes, and 

practical competencies that differ from the Western 

curricula for which most commercially available VR 

pharmacy platforms were developed. A suite of India-

specific VR pharmacy simulation tools – covering the 

specific experiments specified in the PCI curriculum, 

using drug molecules and experimental protocols relevant 

to Indian pharmacological practice, and delivered in a 

format compatible with the infrastructure available at 

Indian pharmacy colleges – would represent a significant 

and educationally transformative development.
[4, 5] 

 

Future directions for VR in pharmacy education include 

AI-integrated adaptive learning systems that monitor 

individual student performance in each stream and 

dynamically adjust the virtual learning experience to 

address specific conceptual or procedural gaps; 

collaborative multiplayer VR environments that replicate 

the social dimensions of real laboratory and clinical 

practice; and extended reality platforms that blend VR's 

full immersion with AR's real-world contextual overlay 

in a unified experience. The formal integration of VR-

based practical assessment into the Pharmacy Council of 

India's competency standards – establishing which 

practical competencies can be validly assessed through 

VR performance and which require real laboratory or 

clinical demonstration – is the next critical step toward 

mainstream VR adoption in Indian pharmacy 

education.
[13,14,25] 

 

CONCLUSION 

Virtual Reality technology represents a significant and 

evidence-supported opportunity to transform the quality, 

ethics, and accessibility of pharmacy practical education 

across all major pharmaceutical streams. The stream-

wise analysis presented in this review identifies a 

consistent pattern: VR makes processes visible that are 

invisible in real laboratories, provides access to 

environments and equipment that most institutions 

cannot afford, and creates safe practice opportunities for 

procedures that are hazardous, irreversible, or ethically 

restricted in real settings. 

 

In pharmacology, VR reveals the molecular 

pharmacodynamics that underlie observed physiological 

effects. In pharmaceutics, it visualises drug dissolution, 

release kinetics, and bioavailability mechanisms at the 

molecular scale. In pharmaceutical chemistry, it makes 

reaction mechanisms and molecular interactions directly 
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observable at the electronic level. In pharmaceutical 

biotechnology, it enables immersive genetic engineering, 

cell culture, and immunology practicals in simulated 

BSL-2 environments. In clinical pharmacy, it provides 

unlimited access to realistic patient counselling, 

prescription error detection, and ward pharmacy practice 

scenarios. 

 

Across all five streams, VR is most powerful as a 

complement to real practical experience –providing 

conceptual preparation, procedure familiarisation, and 

molecular-level insight that maximises the educational 

value of limited real laboratory and clinical exposure 

time. The development of India-specific VR platforms 

tailored to the Pharmacy Council of India curriculum, 

combined with formal regulatory recognition of VR-

based competency assessment, would enable the 

documented educational benefits of immersive 

simulation to be systematically realised across the full 

spectrum of Indian pharmacy institutions, from well-

resourced urban colleges to under-equipped rural 

institutions. 
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